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A tr.witim-jmp system rscantly inst.1l.d in 
the P.lri1.b Boost.= is described. Euly results of 
tb. -issionirag LT. presaatsd. 

Introduction 

For proton scc.l.r.tors in which the trsmition 
amrgy lies within the operating anergy rmg., WM. 
grortb of th. longitudin.1 .mittmc. g.n.r.lly ouxr. 
aa the bau pss*ss through th. trmsition ansra. The 
wunt of gm.tb i.cr.was with b.P intensity md 
w.stit.t.s a 1imiti.g fader cm th. .ttain.bl. bsu 
intmsity ad brigbtms.. Yicrmnva -d/or negatirs- 
mass inst.hi1iti.s uo uw. longitudiml aitt.mc. 
groIlth near transition. Furth.rwr., spa-chug. 
affect. cr..t. . diff.r.ac. in the effecti.. 
longit.diaal focusily fort. b.for. ..d after 
trmsitio., u.sing bunch-lsragth oscillation. which 
un filuent, lading to dilution of th. sffsctir. 
lo.gitwlinrl smittanc.. All of the.. sffects a.*. 
.mitt..nc. growth in the F.ni1.h Booster at bigh 
intsnsity. 

A trumition-jump 9st.m cm gr..tly r.duc. tb. 
dalatariovs effects of prs6i.g through tramition .t 
bigb intsnsity by raducing the tim th.t th. bsu 
sp&ds mu th. krmition~ eoergy. For sxupl., the 
CSRN PS hu profitsd from such . system for . long 
tim. [I]. Sorens... [Z] h.s raviered the problems 
that ecenr at trmmition and the effiucy of rlrious 
proposed solutions. Th. syst.. d.scrib.d her., which 
M racsntly imt.1l.d in the F.rmi1.b Booster, is 
derived fro. L conceptual daaign by Teng [3]. 
Confidsnc. that the cyst.. rovld u.1ior.t. th. 
Sooster problae M r.inforc.d by longit.din.1 
tr+ckir,g .i..l.tions perforned by Luus md 
n.cLscbla. [I]. 

Piy. 1 il1.str.t.s the dasignad rui.tion of 
the trmsition energy. It shows the tim. dcpendsnc. of 
, .nd of ,t, the bsu anergy .nd the 1.tti.s 
tramition . ..rgy io unit. of the proton rsst energy. 
Tb. Tt of the norm1 l&tic. is of cows. constark .t 
5.446. The r&e of change of 7 when it cro.s.. th. 
normal trarasitio. mergzy is 0.406fm.sc. The traraition 
j..p 9s~ uus.s the indicated rui.tion of Tt. The 
initial rapid mdduction of Tt by YI much .a 0.. onit 
0cc.r. in about 0.1 mmc, thereby incrowing th. r.t. 
of purmg. thrmgh transition by L factor of 25. l'h. 
mhsquent rsluation back to th. nmm.1 r&a im 

& 

Figure 1. Th. fir depsndsnc. of 7 ..d Tt. 

l 0p.r.t.d by the Universities P.s..rch Association, 
Inc., lladsr contact .itb the U.S. Dept. of Energy 

rmghly mpo.anti.1 with . time constant of about 2 
u.c .o th.t, rh.n th. cyst.. is opsrstiag at full 
current, th. initi.1 r.t. of chug. of 7t during the 
dsc., rougbl, utch.. th. rrt. of ch.ng. of ,. 

! 
Lattim Yodifiutions 

Th. norm.1 Booster lsttic. consists of 24 
idantiul park&, ..ch cant yng 4 ccmhimd-function 
grdient ugmts in . FOFDDO ,wnfigrr.tio., rhar. '0' 
d.sigrmt.s . 1.2 mater short 
dasigrmtss . (1.0 m.t.r 1 lo 

+ight aaction .nd 'CD' 
&might ssction. The 

trumition-ju.p #pta consimt. of 12 pulsed 
qmdrupol.~ of .ltsmat.irag ipoluity, 

4 
.r.nly 6pu.d 

uovnd th. circtuf.r..c. in sry other short &might 
section, b.tm.n th. focusing mgmtw of th. r.gu1.r 
lattice. Tb. pulsed q.dr.p.al.. br..k the U-fold 
9mwtry of the regular l.ttica. sr..ting . rari.tion 
of th. l.ttic. functions rith a sixfold periodicity. 
Tag [3] mho..d that . conmidsrkbl. churg. of the 
dispersion function (..d .ith it Tt) cm b-s .chi.r.d 
with . rslstirely minor chug. of th. uplitud. 
functions pI, & by perturbing the focusing .t . 
harmonic close to the hori.ont.1 tun.. In th. prasent 
us., with . mparperiodicity of six a.d . nosin. 
horisont.1 tuna of (1.7, Tt is raduccd; if th. tune 
w.r. lorsr th.n th. osriodicity of the mrturh.tion, 
Tt would be incrassd.~ 

-mrrmc(wrm) 

Figw. 2. Th. b.t.tron uplitnd. functions for 
norm.1 l&tic. md for A7t=-1. 

the 

Pigvr. 2 mhors the ulcu1.t.d horimnt.1 and 
Tartic. mplitud. functio.s with th. norm.1 1.ttic.e 
md with th. pu1s.d pudr.po1.s ensrgisad to chug. 7t 
by one unit. Th. lattic. functions v. mirror- 
9m.tric &out tb. pulsed qu&mpol.., mso.zo&!f . 
..p.rp.riod (l/llth of ==d 
horisontally toeusing pulsed qtmdrupol. ie at th. ieft 
sata defocusxngg~pol. is .t th. right adg. of 

figwe. .q..l-mtrmgth focusing md 
dsfocusing qmdrupolss, th. c.lcu1st.d chug. in the 
horisontal tun. im +O.OO rt full .xcit.tion; 
tb.r.for., th. ratio of q..dr.pol. l..gths N chosen 
to be F/D=lS/l'I, limiting th. ugnitud. of the 
horisont.1 tvn. ruistion to -bout 0.01. Y.uur.m.at. 
confirm th. 1711 ;~z;~urm 

Figure 
chug.. 

diepermion function. 
ulcu1st.d by STNCB for h.lf s .uperp.riod for three 
USUB: A7t=O,-C.323, a.d -1. Th. fiyr. also she.. 
ma..r.d rsluss of th. dispersion function for the 
sscand we; th. .gr.a..t with th. STNCS ulcul.tion 
is gocd. To MU.~. the dispsrsion, the clossd orbit 
diffsrsnc. gemrated by char&ng the offset in the 
xxdi.1 fcadhsck loop ..a recorded, then 8v.r.g.d ov.r 



the mix mupsrperiod.. The .0.*&J. offset 
corresponding to . given r&.1 offset M estimated 
by normnlising to the orbit shift. genermted by the 
smmt rdi.1 offset with tha normal lattice. 

-= , 
, 

-%a, 
0 w 

=-wh=n=.l 
1D 

Piyr*zi Crc,"l.t*d dispersion !"ncti?n for AT@,- 
.333, . .d l smsured dx.p*r.lon. for the 
intermedimte use. 

Pvlsad Q"dr"~l*s 

The p"l.*d q"dr"pala magnet design reprsments l 

-promise between seraral competing factor*, i.e, it 
mebier*. m. integrrl gndiant of 6 LC mmd smtisfis. 
the mpcrturc m.d length restraints impwed by the 
Booster lattice. Addition81 wnstr.int. were imposed 
on the mmgmet by the magnetic field rise time, field 
.ccur.c,, and the desirability of powering the 
distributed magnet. with . wmmon parer supply. A 
comma power supply mimplifica current m.tcbing in the 
-et. but dict.t*s . magnet .nd trmnission line 
design that minimisa. the series inductance of the 
pore= circuit. 

The qudrupols cross section is *horn in figure 
4. Thg external iron collar reducer the required 
c"rr*nt by l ppro.im.t*ly m factor of 2 r*l.tir* to . 
similar air core magnet. It ml.0 .*"a. a~ l rigid 
support for the mmg;~mgc;md"ctors mmd ms . precision 
reference for mlignmsnt mud magnetic 
memsurasnt. The wllars rare wsamblsd ritb 
1uim.tion.s stvpcd out of ,025' AISI 1006 steel with 
I resistive co*ti.g to reduce eddy currant effects. 

The .25' .qu** solid copper conductor. mr* 
positioned in m grooved phenolic cylinder that 
provide. slectriul i.alation mnd prscimsly locate. 
the conductor.. Cooling i. complstely pwaiys rim 
conduction through the phsnolic m.d the collu. The 
IO degree conduct-or p1.cems.t mngle ideally eliminrtss 
ml1 fiald harmonics up to tbe 20-pole during eemstmt 
field operstio". During the 100 p. ri.* time, l sm.11 
1%pole field amponent is pr*.*"t due to add7 
currsnte in the molid copper wnductor. Umd*.ir**bl* 
field component. due t-a the end connections were 
raduccd by uintmining gymdr""l+ symmetry !m the end 
turns, 
rmdirl 

bL;i:,E; of welded ]ca"tato obt.1. precise 
pl.c*.e.t, thro"gh field 

uncellmtio. of tbe end field. from oppo.it* and. 

Piya 4. Pulsed Qudrupole Cross Section 

of the n mgmet. Addition*1 -et pummstar. ue 
limted in table 1. 

TABLBl. 
Pulsed Defocusing Q"dr"pol* Punsters 

Cruli*nt C/in 0 2 M 
Mmgmatic Lsmgth in 
Physiul Length in 
Physic.1 Aperture in 
TUlll./polC 
Ind"cta"c* pS 
Pssist~ca d 

Power Supply 

460. 
0.7 

10.0 
(1.0 
3 

18.0 
4.7 

The pore= supply for the Tt system is shorn in 
Figure 6. The pulsar wnsiat. of * .ingl* power supply 
connected to tlo pu.llel string. of six n .gn*t. *.ch. 
Magnets in **ch loop mre mltern.ting P mnd D 
qudrupols.. A r*.onwk chugi.g scheme is "sed to 
double the rectifier voltage md to limit losses in 
the charging .*ction. The di.chuge .*&ion is *l.o a 
r*.ona"t LC circuit but with L fr***h*eling diode 
mcro.. the lad. The load inductance and power *upply 
upxitor form . resoraat network at 2.5 kSZ to 
provide the 100 c. l/4-sins-rare rise time. The diode 
clvps the upmcitor voltage neu .ero mt peak 
cvrrsnt and prorids. * currsnt path for the L/R decay 
of the -at current. 

A bmlamced, shielded, stripline transmission line 
comsct. the pore= supply to the magnets m.d *as 
designnod to minimi.e it. contribvtion to the *y&em 
inductmxe rbile uintdning the proper resistance to 
give the desired dscmy time ccnstmt. The parer supply 
output i. bmlmnced with respect to ground to keep the 
voltage to ground or, the magnet. le.. th.. 4 tV. The 
mptem is upble of chyimg the cmpscitor to 8 kV ia 
15 mm. At pr*.*.t, the cmp.citor roltmg* regulation 
ie done open loop. If n*c*..sry, . clo.*d loop system 
wnmectad to tha ml ph..* controller c." be 
impl*m*nt*d or . Q dvpimg mchems for the charging 
chokes cam be mdded to tarminmta the chuging pulse. 
The power supply ufl deliver l 3300 A peak currant 

Pig"=* 5. Power Supply mmd Circuit 
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pw.ing 
through trulsitio. (below) md 6 mmc later (*bore), 
with 67t=-.7S 

pvlsa ritb g kV o. the up.citar rt . 16 Es 
repetition r&s. Tbe eurre.t balmce between the two 
loops is rithi. 0.3%. Provisions are ude in the pomr 
supply to trim the 1o.d impedances to improve this if 
nscasslry. The impedance of s.ch loop is .pproxim.tely 
140 pE and SO .D. Eath charge ..d diachugs twitches 
ue sets of series connected SCR'a. 

Lagitudio.1 Matching 

Lmgitudin.1 ntching uxoss transition cm be 
opti.i.sd by ruying the time of the transition jrup. 
Yrtcbillg requires that V./v be the SUE before and 
after trmsition, where q= 1-2 - 7t-2 md V’ is the 
*lope of the effective ring roltage rt tbs bunch. The 
contribution of specs-cbuge effects to V’ chmgcs 
sign .t trmsition; this effect can be compansstad by 
ch.mgiag the transition-j-p timing.[S] In pmctics, 
timing i. optimi.cd by n inimising bunch lsngth 
oscillations, which ue ss.sily observed .I) . perL- 
detected lmgitudiml pickup. 

The depends.& of tbc syncbrotron frcquswy on 7t 
bss be. exploited to mmsure the effect of the 
tnnsition-jlup systa. 0. Tt. For this purpnss, the 
frequency of the bunch 1sDgth wcill.tioms induced by 
dalibar.tely mistiming the jup N auured. The 
results ogres ml1 ritb the STNCS prediction. (This 
sxperimnt M parformd by 9. Stahl md 9. Eolmcs.) 

Effects on Beem Dynuics 

The .mmt.in~rmge' pictures of Figures 6 md 7 
*ho. the evolution of . bunch with srad *itbout l 

trvuitim jup of -.76 units, rampectirely. The 
intensity ia *bout 1.6.1010 protons pm bush. t&h 
picture *how. S3 oxilloscops traces t.bsn .t IO-turn 
internls, thus covering. tot.1 time of *bout 1 mscc; 
wxcassirs trwzes .re displaced apmrd.. The brndridth 
of the pickup-cable-oscillos~pe umbin.tion is *bout 
1 CU.. Tbc hori.ont.1 sale is 1 nsec/dir. The lower 
picture in each ficyrc .hcm~bo;~ bunch pusing thru 
trmsiticm, which occurs h.1fv.y up each 
picture. The bunch get. s0wrh.t aborter at 
tnnsition, ..d the pes& current somerh.t. grater, 
without the transition jtup. The upper picture i. mch 
cult shows . bvncb about 6 mmc .fter trumition. The 
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Figure 7. Wxmtain range' pictures of . bunch passing 
through trawition (klow) md 6 ISEC l.ter (above), 
without . trumition jmp. 

microstructure .ppus.t on ths bunch shape rithout the 
transition jump bu bssn suppressed by the transition 
hp. 

No psrcsptiblc losses rem induced by the 
trulsition-jamp pulse until the jump amplitude re.ched 
about . unit, .t which point the losses mere typically 
&nut 1%. The l e...red r.s orbit displ.cement is .7 
P hori.ont.lly md .21 PI rsrtiully for AT+,=-0.323 
Strong, predo.i.mkly dipole coupled-bunch 
inst.bilitias in the l.tter h.lf of the .cceler.tion 
cycls constitute the njor rauining problem .ffacting 
the evolution of the Booster bsu in longitudin.1 
phase spx.e. The reduction of longitudin.1 cmittlmce 
resulting from the trmsition jump uofortun*tely 
exx.erb.tss these coupled-bunch effects. Thus it is 
likely th.t the benefits of the trarzsition-jump system 
will be .ppuent in the output ..ittsnce only when the 
efforts presently undermy to suppress the coupled- 
bunch i.st.bilitios .re completed. 

The coopsr.tion .ad ..pport of OUT colle.guss at 
Perai1.b in the Booster group mad in the Accsler.tor 
Division UC gntefully rlnmledgsd. 
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